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ERROR DETECTION CIRCUITRY AND 
METHOD FOR DETECTING AN ERROR ON 

A TRANSMISSION PATH 

FIELD OF THE INVENTION 

The present invention generally relates to radio frequency 
circuitries that are implemented in radio devices, eg cel 
lular telephones, and more particularly to an error detection 
circuitry for detecting an error on a transmission path 
betWeen a radio system and a transmitter. The present 
invention is further related to a method for detecting an error 
on a transmission path betWeen a radio system and a 
transmitter. 

BACKGROUND OF THE INVENTION 

In special types of radio devices, the transmitting system 
is not directly attached to the radio device. For eXample, in 
mobile stations implemented in a railWay train, a radio 
frequency (RF) cable provides a connection betWeen the 
radio itself (located inside the driver cabin) and the antenna 
(located outside). It is desirable to check the quality of the 
RF connection and to detect a damaged, missing or 
obstructed antenna, e.g. during system start-up or at any 
desired time. A monitoring of the RF connection might be 
necessary due to safety purposes. 
US. Pat. No. 5,287,555 discloses a method for checking 

a RF connection and an antenna. A directional coupler is 
provided as a part of the transmitter circuitry in order to 
determine the poWer that is re?ected from the transmitting 
system. It is determined, Whether such “reverse” poWer is 
Within a normal range. A reverse poWer Within the normal 
range indicates a proper performance of the transmitting 
system. 

HoWever, if there is no access to internal signals of the 
transmitter system available, eg in the case that the trans 
mitter system belongs to a third party supplier and the 
antenna is not directly attached to the radio, the above 
mentioned method has a draWback. If there is no access to 
the transmitter system, the decision betWeen normal opera 
tion and an error case only on the basis of the amplitude of 
a re?ected signal is not sufficient. The reason for this is that 
in real systems a certain RF poWer re?ection alWays occurs; 
thus, in the case that the transmitter system operates in a 
Wide range of output poWer, it is very di?icult or even 
impossible to de?ne an appropriate reference level in order 
to distinguish betWeen normal operation and an error. 

Afurther problem that is related to the separation betWeen 
the radio and the transmitter system occurs in digital systems 
that operate in a TDMA mode (“Time Divisional Multiple 
Access”). Since the RF signals in a TDMA radio commu 
nication system are intermittent, a sampling of the signals 
must take place at an appropriate time. Thus, a timing is 
required that synchroniZes the sampling and the occurrence 
of the reverse signal. In systems With access to the trans 
mitter system a general timing signal may be used in order 
to de?ne the timeslots and further for timing of the sampling. 
Such timing signal can advantageously be provided by a 
microprocessor. HoWever, in a system Without access to the 
transmitter system, there is also no access to a separate timer 
of the transmitter system. Thus, a general timing signal for 
the transmitter system and for the radio is not available. 
Due to the possible separation betWeen the transceiver 

system and the radio there are more dif?culties related to the 
sampling of TDMA signals. In particular, a further problem 
arises With the introduction of the GPRS (“General Packet 
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2 
Radio Services”) protocol since the GPRS protocol is not 
restricted to use a single timeslot Within a frame, but more 
than one timeslot may be occupied depending on the com 
munication requirements. 

These and other problems related to the prior art systems 
Will be discussed further beloW With reference to the accom 
panying draWings. 

The present invention seeks to solve the above mentioned 
problems and to provide an error detection circuitry and a 
method for detecting an error that are applicable to a system 
in Which a transmitting system is not directly attached to a 
radio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a diagram illustrating a directional coupler 
backWard output voltage; 

FIG. 2 shoWs a diagram illustrating a detecting circuit 
output voltage; 

FIG. 3 shoWs a diagram illustrating a detecting circuit 
output voltage; 

FIG. 4 shoWs a diagram illustrating a directional coupler 
forWard output voltage; 

FIG. 5 shoWs a block diagram of a RF part of a radio 
system, according to the invention; 

FIG. 6 shoWs a block diagram of a RF/DC part of a radio 
system, according to the invention; and 

FIG. 7 shoWs a diagram illustrating a delayed sampling 
With loW time constant, according to the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

According to the invention an error detection circuitry for 
detecting an error on a transmission path betWeen a radio 
system and a transmitter is provided, comprising means for 
measuring the magnitude of a forWard radio frequency 
signal directed from the radio system to the transmitter, 
means for measuring the magnitude of a backWard radio 
frequency signal directed from the transmitter to the radio 
system, and means for comparing the magnitudes of the 
forWard radio frequency signal and the backWard radio 
frequency signal. 

According to the invention there is further provided a 
method for detecting an error on a transmission path 
betWeen a radio system and a transmitter comprising the 
steps of measuring the magnitude of a forWard radio fre 
quency signal directed from the radio system to the 
transmitter, measuring the magnitude of a backWard radio 
frequency signal directed from the transmitter to the radio 
system, and comparing the magnitudes of the forWard radio 
frequency signal and the backWard radio frequency signal. 
Due to the comparison of the forWard poWer and the 

backWard poWer the need of an access to the transmitter 
system is eliminated, since no absolute trigger value is 
necessary. The comparison betWeen both voltages delivers 
fundamental information about the quality of the RF con 
nection. 

FIG. 1 shoWs a diagram that generally illustrates a direc 
tional coupler backWard output voltage. The voltage is 
plotted versus the timeslot number of a GSM system. During 
normal operation of the system a signal With a small voltage 
amplitude is re?ected. Thus, the directional coupler back 
Ward output voltage is small during normal operation. 
HoWever, When an error occurs in the RF connection, the 
re?ected signal is larger in amplitude. Thus, the directional 
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coupler backward output voltage has a larger amplitude in 
case of an error. Prior art systems in Which the desired 
amplitude during normal operation is known, as for eXample 
the system that is described in US. Pat. No. 5,287,555, are 
able to recognize an error by sampling the directional 
coupler backWard output voltage at a time tmmple and by 
comparing the sampled value to a desired value that corre 
sponds to normal operation. HoWever, if there is no access 
to internal signals of the transmitter system available, also 
the desired value is not knoWn. Therefore, the prior art 
systems do not Work, if eg in mobile stations the transmitter 
system belongs to a third party supplier and the antenna is 
not directly attached to the radio as in the mentioned railWay 
applications. 

FIG. 2 shoWs a diagram generally illustrating a detecting 
circuit output voltage Which is plotted versus the timeslot 
number of a GSM system. The ideal directional coupler 
output is indicated as a square signal. RF detecting circuits 
normally contain a smoothing circuitry With a certain time 
constant. In the diagram tWo output curves for different time 
constants (Q=0.1T and Q=5T) are shoWn, Wherein T is the 
duration of a timeslot. An appropriate time constant has to 
be chosen. A loW time constant is able to properly represent 
the ideal directional coupler output; hoWever, the remaining 
ripples are too high. On the other hand, When the time 
constant is too high, thereby avoiding ripples, the resulting 
direct current (DC) is very loW due to the loW duty cycle of 
TDMA radio communication systems (eg 1:8 in GSM 
systems); such a loW DC causes problems in the presence of 
noise. 

FIG. 3 also shoWs a detecting circuit output voltage versus 
the timeslot number. In this case, a detecting circuit output 
voltage for a GPRS protocol (“General Packet Radio 
Services”) is shoWn. GPRS protocols do not only use a 
single timeslot Within a frame, but tWo and more timeslots 
are in use depending on the communication requirements. 
Only one sampling may take place Within one transmission 
frame, because otherWise the loWpass ?lter output is in?u 
enced by previous sampling periods. Thus, it is important to 
have only one sampling during one frame and to adapt the 
time constant of the loWpass ?lter properly. 

For illustration of the invention, FIG. 4 shoWs a direc 
tional coupler forWard output voltage, and FIG. I 
(mentioned above) shoWs a directional coupler backWard 
output voltage, both versus the timeslot number of a GSM 
system. Due to the provision of a directional coupler that 
outputs a forWard output voltage it is no longer necessary to 
knoW the level that is indicated in FIG. 1 by normal 
operation. The ratio betWeen the forWard output voltage and 
the backWard output voltage may be used to determine the 
quality of the RF connection. 

FIG. 5 shoWs a block diagram of a RF part of a radio 
system, according to the invention. A digital radio 10 Which 
is optionally a GSM/GPRS radio and an analogue radio 12 
are coupled to a dipleXer 14. The dipleXer 14 is connected to 
a directional coupler 16 that provides a forWard voltage 
(FORWARD) and a backWard voltage (BACKWARD). The 
system is coupled to an antenna 18 via a RF transmission 
path 20. In such a system the problem occurs that no general 
timing signal for a sampling of the backWard voltage and of 
the forWard voltage is available, since the radio system has 
no access to the transmitter system; thus, the timing signal 
of the transmitter system can not be used as a trigger for 
sampling. This problem is solved by the additional provision 
of a voltage divider 22 that has a high resistance and that 
produces only a negligible load for the RF system. Due to 
the negligible load the high resistance voltage divider 22 
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does not in?uence the impedance of the RF path. The 
voltage divider 22 provides a signal SYNC (preferably, a 
voltage) Which is a fraction of the RF output signal. This 
signal SYNC may be used for self-synchronization pur 
poses. Additionally, it is noted that the SYNC signal is not 
sensitive to the ratio betWeen the backWard voltage and the 
forWard voltage. 

In FIG. 6 the RF/DC part of the sampling circuitry is 
illustrated in order to eXplain the self-synchronization of the 
system that may be advantageously applied With the inven 
tion. In the detecting circuits 24, 26, 28 the three voltages 
BACKWARD, FORWARD and SYNC are demodulated, 
smoothed With a loW time constant and buffered. The 
processed BACKWARD signal and the processed FOR 
WARD signal are given to a sample and hold circuit 30 and 
to a sample and hold circuit 32, respectively. The detecting 
circuit 28 outputs a signal to an ampli?er 34. The output of 
the ampli?er 34 is given to a trigger circuit 36. The output 
of the trigger circuit is connected to an input of a delay 
circuit 38. Thus, the delayed trigger signal may be used to 
trigger the sample and hold circuit 30 and the sample and 
hold circuit 32. The triggering is managed by a logic unit 40. 
The logic unit 40 is provided With at least tWo inputs and one 
output. An analogue/digital control input 42 sWitches the 
synchroniZation logic off, When the analogue radio provides 
the RF output. The voice/GPRS control input 44 disables the 
sample function for a certain time depending on the duration 
of the digital radio transmission frame. Thereby a multiple 
triggering Within one transmission frame, eg in a GPRS 
system, is avoided. The A/D control output 46 provides a 
signal in order to control an A/D converter for backWard and 
forWard voltage conversion. 
The diagram of FIG. 7 illustrates a delayed sampling With 

loW time constant that may be advantageously applied With 
the invention. An output voltage of the directional coupler 
16 is plotted against the timeslot number of a TDMA system. 
Due to the loW time constant the outputs of the detecting 
circuits 24, 26 rise quickly to the maXimum voltage level. By 
sampling the signal near the end of the timeslot, a proper 
value can thus be obtained. In the eXample according to FIG. 
7, the delay of the delay circuit 38 is chosen to be 
at=z/3Tn-meslot, Wherein Tn-meslot is the length of a timeslot. 
Having described the invention With details above, the 

invention is noW summariZed as folloWs. An error detection 
circuitry (cf. FIG. 5, divider 22, coupler 16, and the elements 
in FIG. 6) for detecting an error on a transmission path (cf. 
FIG. 5, path 20) betWeen a radio system (10, 12) and a 
transmitter (cf. FIG. 5, represented by antenna 18) com 
prises: means (e.g., detecting circuit 26, S/H circuit 32) for 
measuring the magnitude of a forWard radio frequency 
signal (FORWARD) directed from the radio system to the 
transmitter; means (e.g., detecting circuit 24, S/H circuit 30) 
for measuring the magnitude of a backWard radio frequency 
signal (BACKWARD) directed from the transmitter to the 
radio system; and means for comparing (cf. FIG. 5 divider 
22, FIG. 6 elements 28, 34, 36, 38, 40, 42, 44, 46) the 
magnitudes of the forWard radio frequency signal and the 
backWard radio frequency signal. 

Preferably, the means for measuring the magnitude of the 
forWard radio frequency signal has a directional coupler (cf. 
coupler 16) to provide a forWard voltage; the means for 
measuring the magnitude of a backWard radio frequency 
signal comprises that the directional coupler provides a 
backWard voltage; the means for comparing calculates a 
ratio betWeen the backWard voltage and the forWard voltage 
and decides that an error is present, When the ratio betWeen 
the backWard and the forWard voltages (BACKWARD / 
FORWARD) exceeds a predetermined value. 



US 6,714,764 B1 
5 

Preferably, the radio system comprises analogue radio 12 
and digital radio 10. 

Preferably, the radio system comprises analogue radio 12 
and TDMA radio communication system 10 Which operates 
in a burst transmit mode, i.e., that transmits information 
signals in time slots. 

Preferably, the means for measuring the magnitude of the 
forWard radio frequency signal (FORWARD) has sample 
and hold circuitry 32 for measuring the magnitude of the 
forWard radio frequency signal; the means for measuring the 
magnitude of the backWard radio frequency signal 
(BACKWARD) has sample and hold circuitry 30 for mea 
suring the magnitude of the backWard radio frequency 
signal; and a means for simultaneously triggering the ?rst 
and the second sample and hold circuitries is provided, as 
illustrated, for eXample by divider 22, detecting circuit 28, 
ampli?er 34, trigger circuit 36, and delay circuit 38. 

Preferably, means 22, 28, 34, 36, 38 generates a trigger 
signal on the basis of the occurrence of a TDMA signal on 
the transmission path, thereby providing an internal syn 
chroniZation (e.g., SYNC signal). 

Preferably, means 22, 28, 34, 36, 38 for generating a 
trigger signal has: voltage divider 22 to generate a voltage 
drop signal (SYNC, the mentioned fraction of the RF output 
signal) on the basis of the occurrence of a TDMA signal on 
the transmission path; detecting circuit 28 for demodulating, 
smoothing and buffering the voltage drop signal (SYNC); 
ampli?er 34 for amplifying the demodulated, smoothed and 
buffered signal; trigger circuit 36 for processing the ampli 
?ed signal; and delay circuit 38 for delaying the processed 
signal. 
Means 22, 28, 34, 36, 38 for generating a trigger signal is 

coupled to logic unit 40; the logic unit 40 has analogue/ 
digital control input 42 for sWitching an internal synchro 
niZation on and off. 

Optionally, logic unit 40 has a voice/GPRS input 44 for 
disabling and enabling the sampling function. Optionally, 
logic unit 40 has analogue/digital control output 46 for 
controlling an analogue/digital conversion of a measured 
radio frequency signal. 
A method for detecting an error on a transmission path 

betWeen a radio system (10, 12) and a transmitter comprises 
the folloWing steps: measuring the magnitude of a 
forWard radio frequency signal (FORWARD) directed from 
the radio system 10/12 to the transmitter (cf. antenna 18); (ii) 
measuring the magnitude of a backWard radio frequency 
signal (BACKWARD) directed from the transmitter to radio 
system 10/12; and (iii) comparing the magnitudes of the 
forWard radio frequency signal and the backWard radio 
frequency signal, for eXample by control unit 42 receiving 
the representations of the FORWARD and BACKWARD 
signals from S/H units 32 and 30, respectively. 

Preferably, in the ?rst measuring step (i), the magnitude of 
the forWard radio frequency signal is measured by using 
directional coupler 16 that provides a forWard voltage (i.e. 
FORWARD); in the second measuring step (ii), the magni 
tude of the backWard radio frequency signal is measured by 
using the directional coupler that provides a backWard 
voltage (i.e., BACKWARD); further applied is (cf. step (iii)) 
calculating a ratio betWeen the backWard voltage and the 
forWard voltage (e.g., by control unit 42); and deciding that 
an error is present, if the ratio betWeen the backWard and the 
forWard voltages eXceeds a predetermined value (e.g., also 
by control unit 42). 

Preferably, the magnitude of the forWard radio frequency 
signal is measured in sample and hold circuitry 32; the 
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6 
magnitude of the backWard radio frequency signal is mea 
sured in sample and hold circuitry 30; and ?rst and the 
second sample and hold circuitries 30, 32 are triggered 
simultaneously. 

Preferably, the trigger signal is generated on the basis of 
the occurrence of a TDMA signal on the transmission path, 
and thereby providing an internal synchroniZation (cf. 
SYNC going through detecting circuit 28 and ampli?er 34). 

Preferred is also to generate the trigger signal by gener 
ating the voltage drop signal by voltage divider 22 on the 
basis of the occurrence of a TDMA signal on a transmission 
path; to demodulate, to smooth and to buffer the voltage 
drop signal; to amplify the demodulated, smoothed and 
buffered signal; to process the ampli?ed signal in trigger 
circuit 36; and to delay the processed signal. 

Optional is further to sWitch the internal synchroniZation 
on, When radio system 10/12 operates in digital mode; and 
to sWitching the internal synchroniZation off, When radio 
system 10, 12 operates in analogue mode. 

Optional is further to selectively disable and enable the 
sampling function depending on the duration of a digital 
radio transmission frame. Preferably, controlling an 
analogue/digital conversion of a measured radio frequency 
signal is performed a logic unit 40. 

While the invention has been described in terms of 
particular structures, devices and methods, those of skill in 
the art Will understand based on the description herein that 
it is not limited merely to such eXamples and that the full 
scope of the invention is properly determined by the claims 
that folloW. 
What is claimed is: 
1. An error detection circuitry for detecting an error on a 

transmission path betWeen a radio system and a transmitter, 
the circuitry comprising: 
means for measuring the magnitude of a forWard radio 

frequency signal directed from the radio system to the 
transmitter; 

means for measuring the magnitude of a backWard radio 
frequency signal directed from the transmitter to the 
radio system; and 

means for comparing the magnitudes of the forWard radio 
frequency signal and the backWard radio frequency 
signal, Wherein the means for measuring the magnitude 
of the forWard radio frequency signal has a directional 
coupler providing a forWard voltage; the means for 
measuring the magnitude of the backWard radio fre 
quency signal comprises the directional coupler pro 
viding a backWard voltage; Wherein the means for 
comparing calculate a ratio betWeen the backWard 
voltage and the forWard voltage and decide that an error 
is present, When the ratio betWeen the backWard and the 
forWard voltages exceeds a predetermined value. 

2. The error detection circuitry according to claim 1 
Wherein the radio system comprises an analogue radio and 
a digital radio. 

3. The error detection circuitry according to claim 1 
Wherein the radio system comprises an analogue radio, and 
a TDMA radio communication system operating in a burst 
transmit mode. 

4. The error detection circuitry according to claim 1, 
Wherein the means for measuring the magnitude of the 
forWard radio frequency signal has a ?rst sample and hold 
circuitry for measuring the magnitude of the forWard radio 
frequency signal; Wherein the means for measuring the 
magnitude of the backWard radio frequency signal has a 
second sample and hold circuitry for measuring the magni 
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tude of the backward radio frequency signal; and Wherein 
means for simultaneously triggering the ?rst and the second 
sample and hold circuitries are provided. 

5. The error detection circuitry according to claim 1 
further comprising means for generating a trigger signal on 
the basis of the occurrence of a TDMA signal on the 
transmission path, thereby providing an internal synchroni 
Zation. 

6. An error detection circuitry according to claim 1 
Wherein means for generating a trigger signal are coupled to 
a logic unit, the logic unit comprising an analog to digital 
control input for sWitching an internal synchroniZation on 
and off. 

7. An error detection circuitry according to claim 1 
Wherein means for generating a trigger signal are coupled to 
a logic unit, the logic unit comprising a voice/GPRS input 
for disabling and enabling a sampling function. 

8. An error detection circuitry according to claim 1 
Wherein means for generating a trigger signal are coupled to 
a logic unit, the logic unit comprising an analogue/digital 
control output for controlling an analogue/digital conversion 
of a measured radio frequency signal. 

9. An error detection circuitry for detecting an error on a 
transmission path betWeen a radio system and a transmitter, 
the circuitry comprising: 

means for measuring the magnitude of a forWard radio 
frequency signal directed from the radio system to the 
transmitter; 

means for measuring the magnitude of a backWard radio 
frequency signal directed from the transmitter to the 
radio system; 

means for comparing the magnitudes of the forWard radio 
frequency signal and the backWard radio frequency 
signal; and 

means for generating a trigger signal having: a voltage 
divider generating a voltage drop signal on the basis of 
the occurrence of a TDMA signal on the transmission 
path; means for demodulating, smoothing and buffering 
the voltage drop signal; an ampli?er for amplifying the 
demodulated, smoothed an buffered signal; a trigger 
circuit for processing the ampli?ed signal; and a delay 
circuit for delaying the processed signal. 

10. A method for detecting an error on a transmission path 
betWeen a radio system and a transmitter comprising the 
steps of: 

measuring the magnitude of a forWard radio frequency 
signal directed from the radio system to the transmitter; 

measuring the magnitude of a backWard radio frequency 
signal directed from the transmitter to the radio system; 
and 

comparing the magnitudes of the forWard radio frequency 
signal and the backWard radio frequency signal, 
Wherein in the ?rst measuring step, the magnitude of 
the forWard radio frequency signal is measured by 
using a directional coupler that provides a forWard 
voltage; 
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Wherein in the second measuring step, the magnitude of 

the backWard radio frequency signal is measured by 
using the directional coupler that provides a backWard 
voltage; 

calculating a ratio betWeen the backWard voltage and the 
forWard voltage; and 

deciding that an error is present, if the ratio betWeen the 
backWard and the forWard voltages exceeds a prede 
termined value. 

11. The method according to claim 10 further comprising 
the steps of: 

measuring the magnitude of the forWard radio frequency 
signal in a ?rst sample and hold circuitry; 

measuring the magnitude of the backWard radio frequency 
signal in a second sample and hold circuitry; and 

triggering the ?rst and the second sample and hold 
circuitries simultaneously. 

12. The method according to a claim 10 further compris 
ing the steps of generating a trigger signal on the basis of the 
occurrence of a TDMA signal on the transmission path, and 
thereby providing an internal synchroniZation. 

13. The method according to claim 10 further comprising 
the step of sWitching an internal synchroniZation on, When 
the radio system operates in a digital mode; and sWitching an 
internal synchroniZation off, When the radio system operates 
in an analogue mode. 

14. The method according to claim 10 further comprising 
the steps of disabling and enabling a sampling function 
depending on the duration of a digital radio transmission 
frame. 

15. The method according to claim 10 further comprising 
the step of controlling an analogue/digital conversion of a 
measured radio frequency signal by a logic unit. 

16. A method for detecting an error on a transmission path 
betWeen a radio system and a transmitter comprising the 
steps of: 

measuring the magnitude of a forWard radio frequency 
signal directed from the radio system to the transmitter: 

measuring the magnitude of a backWard radio frequency 
signal directed from the transmitter to the radio system; 

comparing the magnitudes of the forWard radio frequency 
signal and the backWard radio frequency signal; 

generating a trigger signal by generating a voltage drop 
signal by a voltage divider on the basis of the occur 
rence of a TDMA signal on the transmission path; 

demodulating, smoothing and buffering the voltage drop 
signal; 

amplifying the demodulated, smoothed and buffered sig 
nal; 

processing the ampli?ed signal in a trigger circuit; and 
delaying the processed signal. 


